Abstract: Through human and natural activities, land loss in the Louisiana Coastal Area has exceeded 1.2 million acres since the 1930s.
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This investigation was performed under the general supervision of Dr. Timothy E. Lewis, Chief, AEISB; Dr. David J. Tazik, Chief, EEED; and Dr. Elizabeth C. Fleming, Director, EL.
Introduction and Background

Introduction
The coastal wetlands of Louisiana account for 90 percent of the total coastal marsh occurring in the United States (U.S. Army Engineer District 2004). Through human and natural activities, land loss in this region has exceeded 1.2 million acres since the 1930s and, unless stemmed, loss is estimated to continue at a rate approaching 6,600 acres per year (U.S. Army Engineer District 2004). The natural deltaic processes of sediment and nutrient deposition that created and sustained Louisiana's wetlands for thousands of years have been inexorably altered by human activity and economic development. The resulting changes in hydrology, combined with the loss of land-building inputs (fresh water, sediment, and nutrients), have meant that land loss exceeds creation to such an extent that the coastal ecosystem is no longer a sustainable resource. Restoration in partial compensation of these losses will require innovative technologies and significant inputs on many fronts. One innovative proposal to aid in restoration efforts has been to transport dredged sediments from the Illinois River to Louisiana for land building and marsh restoration.
In recent years Illinois has embarked on extremely innovative and successful pilot projects to return displaced soil deposited in the Illinois River over the past 100 years back to the land (Marlin and Darmody 2005) . Deposition has degraded the backwater lakes and side channels of the Illinois River resulting in a capacity loss exceeding 70% according to a 1985 survey (Demissie et al. 1992 ). Very few areas outside the main channel and maintained marinas exceed 0.61 m in water depth (Marlin 2004) . In some parts of Peoria Lake, sediment deposits vary in depth from a few feet to over 20 feet (Marlin 2002) . Examination of the deposited sediments by the U.S. Army Corps of Engineers found them to be primarily derived from Illinois topsoil and lacking the usual contaminants from urban and industrial areas. Core studies conducted in 1998-2000 indicated that mean composition values of the sediments were 6.6% sand, 40% silt, and 54% clay (Cahill 2001) ; however, subsequent studies found a few areas contained a high percentage of sand (Marlin 2002) . Knowing the site parameters became an important component in selection of proper dredging equipment for removal as well as the best potential uses for the sediment (Marlin 2002) . The acquisition of a vibra core that takes 3-m core samples greatly aided researchers in assessing composition, depth, and chemical content of the sediments at individual sites.
Proposed uses for the Illinois River sediments have included island and elevated habitat construction, farmland improvements, landscaping soil, construction fill, flowable fill, landfill cover, and manufactured construction products such as bricks (Darmody and Marlin 2002) . Preliminary studies examined sediment suitability for the various proposed uses. A greenhouse study demonstrated that Peoria Lake sediment and central Illinois topsoil did not differ in fertility or productivity, and differences in growth and yield of barley and five garden vegetables were minor (Darmody et al. 2004) . Natural colonization of the sediments was examined by depositing them at two different sites in May 2000 (Marlin 2002) . At the first site, an agricultural field, the sediment dewatered rapidly and was suitable for disking within 1 month whereas at the second site, a gravel pit, dewatering was considerably slower. Six months later researchers from the Illinois Natural History Survey found the agricultural field site supported 47 plant species that were predominately weeds of old field and agricultural land. The gravel pit site supported 53 plant species that were common in early successional, disturbed emergent wetlands along the Illinois River. They surmised the majority of plants grew from seed in the sediment (Marlin 2002) .
Characteristics were noted about the sediment structure at the preliminary test sites. Initially the sediments had poor structure and a fluid consistency. As drying ensued they tended to become crusty and developed cracks (Marlin 2002) . Over time, weathering and tillage greatly improved the soil structure as did the initial addition of materials such as perlite, compost, or biosolids (Darmody et al. 2004 ).
Because the Illinois River watershed includes some industrial inputs, sediments of Peoria Lake were studied to determine their chemical properties and metal content. Of concern was metal uptake if the sediments were used for growing agronomic crops for human or animal consumption. Soil fertility data documented that the sediments were very similar to the naturally fertile and productive soils of Illinois farmland from which they were derived. To determine suitability of the sediments for plant production, five plant species were grown in Peoria Lake sediment in pots in a greenhouse study (Darmody et al. 2004) . After growing for 4 to 5 weeks, samples were partitioned to determine dry mass yield and metal uptake.
All the plants grew on the dredged sediments as well as or better than on Illinois topsoil. The researchers found metal level uptake in the plants was well below levels present in plants grown in soils derived from industrial areas. A second more in depth study determined that the Peoria Lake sediment provided a suitable and safe medium for the production of garden vegetables (Ebbs et al. 2006) . The sediments used in the study were recovered from one location in the Peoria Lake system and, unless further research disputes the findings, the presumption was made that dredged material from the lake or other segments of the Illinois River would have similar physicochemical characteristics and pollutant concentrations that fall within regulatory guidelines (Ebbs et al. 2006 ).
Background
The "Mud to Parks Project" was initiated when the City of Chicago envisioned using Illinois River sediment to develop a lakefront park bordering Lake Michigan on Chicago's south side (Marlin and Darmody 2005) . The 573-acre site (designated USX) had belonged to U.S. Steel South Works, and much of it was covered with steel-mill slag devoid of any topsoil. In April 2004 Chicago received a $1.4 million grant to redevelop a 100-acre park on the site. Sediments were obtained from the Fon du Lac Park District's Spindler Marina access channel at East Peoria, IL (Marlin and Darmody 2005) . Acquiring sediment from this area accomplished two purposes: (1) sediment removal restored water depths to levels where they could again be used by recreational boaters, and (2) reclaimed sediments could be used to overlay 100 acres of slag for park redevelopment. Sediments from this site were known to be free of contaminants and could be excavated to an 11-foot depth needed to load hopper barges (Marlin and Darmody 2005) . A clamshell bucket was used to excavate the sediment and load it onto the barges (1,500 tons/barge) for transport to the park site. Excess water was removed and a large crane with a tightly closing bucket lifted the mud from the barges onto mining trucks, from which it was deposited into large piles at the USX site. The sediment was manipulated at the site in two very different ways. At one location sediment was "disturbed" as bulldozers mixed and layered the sediment as it was unloaded. Following layering, the site was seeded with rye grass (Lolium sp.) and alfalfa (Medicago sativa). At the second location, the sediment was deposited in piles, left to dry, and never worked to even out the terrain. The sediment at this location was termed "pure sediment" because it was largely undisturbed after deposition.
A botanist from the Illinois Natural History Survey examined the two locations on 30 July, 13 August, and 2 September 2004 to identify plant species growing on the sites prior to final leveling of the sediments to a depth between 2 and 4 feet over the park site (John Marlin, personal communication; Marlin and Darmody 2005) . Excluding the planted rye grass and alfalfa, a total of 78 species of vascular plants were identified at the two locations (Appendix A). The disturbed site supported 49 species, while the pure sediments supported 28 species. Only seven species cooccurred in both pure and disturbed sediment sites. The difference in the numbers of species recorded at the two locations was in large part due to the disturbance regime. At the disturbed location, the mixing and layering of sediments positioned seeds already present on the site to new levels where light and moisture regimes induced germination. To try to determine more accurately which seeds were previously present at the site, an inventory was made of plants growing in close proximity to the disturbed site (termed "Edge" areas in Appendix A). It should be noted that plant introductions could also have come from seeds on transport vessels (e.g., barges, trucks, and bulldozers) or from wind or animal deposition. In fact, five species arrived by means other than sediment: corn (Zea mays) via barges, silver maple (Acer saccharinum), cottonwood (Populus deltoides), and willow (Salix sp.) via wind, and oak (Quercus sp.) via an animal.
Of the 28 species observed on the pure sediment, 4 mentioned above (silver maple, cottonwood, willow, and oak) were surmised to have arrived by means other than sediments, 5 [velvetleaf (Abutilon theophrasti), amaranth (Amaranthus blitum), oak-leaved goosefoot (Chenopodium glaucum), hairy crabgrass (Digitaria sanguinalis), lady's thumb (Polygonum persicaria)] were nonindigenous exotic terrestrial species, and the remaining 19 represented native taxa, 17 of which were obligate or wetland species (Table 1 ). The presence of the exotic terrestrial species in the sediments raises some questions as to the range of environmental conditions under which they can survive inundation. At present, seed tolerances for inundation of many of the species that were found remain unknown. All 17 of the obligate or wetland species found in the Illinois sediments also occur in Louisiana. Although none are included in a list of Louisiana noxious plant species, seven [waterhemp (Amaranthus rudis), red-rooted nutsedge (Cyperus erythrorhizos), yellow nutsedge (Cyperus esculentus), false daisy (Eclipta prostrata), small white morning glory (Ipomoea lacunosa), nodding smartweed (Polygonum lapathifolium), To supplement seed bank information that was gathered in situ from the USX site, additional sediment was obtained from the Illinois River at Lower Peoria Lake and a backwater area about 20 miles upstream. These studies were not part of the USX project but were undertaken to provide additional documentation in anticipation of the mud-to-marshes project in Louisiana. The sediments were taken directly to a research greenhouse ensuring minimal exposure to contamination from outside sources. The sediments were placed in trays for a greenhouse study and observed over time for seed germination. The trays were kept moist to the point that upland weeds would have difficulty growing. Under these conditions only nine species grew from the sediments ( Table 2 ). All but water purslane (Ludwigia palustris) had been reported from the pure sediments deposited at the Lake Michigan site. These nine plant species occur in Louisiana and would not constitute new introductions to the state. Although some are considered weedy [red-rooted nutsedge, yellow nutsedge, black nightshade (Solanum nigrum)] by the Southern Weed Science Society (Bryson 2004) , none is listed as a noxious plant by the State of Louisiana. As mentioned above, yellow nutsedge is regulated under the weed seed laws in Louisiana. The wet condition treatments used in the study would seem to indicate that sites that were kept continuously moist following sediment deposition could see a large reduction in seed viability (e.g., 9 versus 28). A second greenhouse study used 3-m cores that were taken with a vibra core from Lower Peoria Lake and placed in shallow trays. The cores were separated into 13 sections representing different depths and soil compositions. For this study a total of 107 flats of sediment were observed over time for seedling germination (J. Marlin, personal communication) . Only 9 of the 13 core locations had seed germination. The total number of plants recovered from the sediments in the 107 flats only totaled 62, and included Sediments that will be transported to Louisiana for a mud-to-marshes project will most likely come from Spindler and East Port portions of Peoria Lake. Sediments in the area can be excavated to 6-8 foot depths (J. Marlin, personal communication) . Illinois Department of Natural Resources (DNR) personnel examined the site and typically found mussels only in the top layers of sediment. They surmised that, if mussels were to be picked up in the excavation, only those located near the top of the barge would have any chance of survival during transport. Survival would also be reduced because free water is pumped from the barges at the dredge site.
In previous surveys conducted at the Spindler site, the only mussels found included threeridge (Amblema plicata), mapleleaf (Quadrula quadrula), and giant floater (Pyganodon grandis) (J. Marlin, personal communication). Although not found in the Spindler survey, one additional species, the fragile papershell (Leptodia fragilis) was noted often to be associated with silty sediments typical of the Spindler site. In more recent (2003) surveys conducted at a different location in Peoria Lake, researchers from the Illinois DNR found eight mussel species including threeridge, mapleleaf, giant floater, fragile papershell, white heelsplitter (Lasmigona complanata), threehorn (Obliquaria reflexa), rock pocketbook (Arcidens confragosus), and deertoe (Truncilla truncata). The substrate at this site was more complex and included more sand and gravel than the silty sediments of the Spindler site. During some additional work in the area, a diver found one additional species, the mucket (Actinonaias ligamentina). All of the aforementioned mussels are native species that also occur in Louisiana (Payne et al. 2002; Payne et al. 2003; Louisiana Natural Heritage Program 2006) . If the native mussels were to survive the long transport from Illinois to Louisiana, conditions could not be brackish. They would not be expected to survive under those conditions.
Although not collected in the aforementioned surveys, the zebra mussel (Dreissena polymorpha) and the Asian clam (Corbicula fluminea) do occur in the Illinois River System and the possibility does exist that either one could occur in dredged sediment. They are both identified as species of concern in SMP 2005. Both these species have already established in Louisiana and would not constitute new introductions to the state in a mud-to-marshes project. The possibility also exists that one additional exotic invasive species could appear in sediments in the Illinois River. The Chinese mystery snail (Cipangopaludina chinensis) is not known to currently exist in the Illinois River System around Peoria, but it is spreading in the Midwest (J. Marlin, personal communication). Of concern is that it could be expected to invade Peoria Lake in the near future as habitat preference is in quiet water with a mud or silty substrate (Clench and Fuller 1965) . The species should not be a threat to sites in Louisiana that are brackish as it reportedly prefers freshwater (Kipp and Benson 2008) .
Macroinvertebrate communities were characterized in the Peoria Lake section of the Illinois River prior to dredging activities in the late 1990s (J. Marlin, personal communication) . A total of 99 samples collected with a 508-cm 2 Ponar grab sampler yielded 702 organisms. Of these, midges, fingernail clams, and mayflies accounted for 97% of all the organisms. The samples did not contain any zebra mussels; however, one Asian clam was found. In light of this report and those mentioned above, it appears the Asian Clam is present in the region but in very low numbers. None of the species documented in the macroinvertebrate community of Peoria Lake would be a new introduction to Louisiana.
As part of SMP 2005, the Louisiana Task Force specifically identified 36 species of concern for the state (Appendix C). For the purposes of this list, the term aquatic was expanded to include species that in general were terrestrial in nature but could arrive through aquatic pathways [e.g., cogongrass (Imperata cylindrica) and Formosan termite (Coptotermes formosanus)]. The species were categorized as being extensively established, locally established, or potential arrivals. Purple loosestrife in this section was identified as being a potential arrival. Of the 36 species of concern, only 10 (Eurasian watermilfoil, Cylindro, grass carp, zebra mussel, silver carp, tilapia, purple loosestrife, common carp, bighead carp, and water flea) occur in Illinois. With the possible exceptions of Cylindro, tilapia, and purple loosestrife, the remaining seven are already established in Louisiana. The possibility exists that some life cycle stage could be transported in sediments or attached to transport vehicles; however, any one of these aquatic species could also arrive in Mississippi River water during high water flows.
Potential Species of Concern in a Mud-toMarshes Project
Appendix C lists aquatic nuisance species of concern that could potentially threaten Louisiana aquatic ecosystems either by new introductions or by the spread of existing species. Cylindro and aggressive biotypes of Eurasian watermilfoil and phragmites (Phragmites australis) may present cause for concern in a mud-tomarshes project. Although the two plant species have been reported as occurring in Louisiana, the aggressive biotypes have either not been reported or populations are limited in distribution (see sections below). Both Eurasian watermilfoil and phragmites are widely distributed in the Midwest and potentially could invade Louisiana via sediment transfer. The likelihood of invasion appears low, however, because neither species was reported as being present in the sediment seed bank in any of the aforementioned Illinois studies. The two biotypes possess certain definable characteristics that set them apart as invaders. These characteristics include one or more of the following features: abundant seed production, rapid population establishment, seed dormancy, long-term survival of buried seeds, adaptations for spread, production of vegetative reproductive structures, and the capacity to occupy sites disturbed by human activities. All of these features increase the likelihood of plant survival and persistence under a wide range of environmental conditions.
Eurasian watermilfoil
Eurasian watermilfoil is known to occur in a variety of habits, becoming established in both impoundments and natural waters, sometimes brackish water or in clear, cool, spring-fed rivers. Problems associated with this species include displacement of native vegetation, disruption of navigation and recreation by the formation of impenetrable mats, and decreased water flow. The history of the spread of Eurasian watermilfoil in the United States is made unclear by the existence of herbarium specimens that were mislabeled and by the confusion with the native species, northern watermilfoil (M. sibiricum Kom.). Its history is further confounded by reports of hybridization between the nonindigenous Eurasian watermilfoil and the native northern watermilfoil (Moody and Les 2002) . The molecular data suggest that invasiveness into new regions may be related to hybridization. The hybrid and introduced Eurasian watermilfoil are difficult to distinguish morphologically and verification requires DNA analysis.
Eurasian watermilfoil exhibits high plasticity and is able to tolerate and thrive in a variety of environmental conditions. It grows best on finetextured inorganic sediments with an intermediate density of 0.8 to 1.0 g ml -1 (Barko and Smart 1986) . It grows relatively poorly on highly organic sediments that have low sediment density and on course substrates that have a high sediment density (Smith and Barko 1990) . It grows in still to flowing waters, can tolerate salinity of up to 15 parts per thousand, grows rooted in water from 1 to 10 m although there are reports of growth in deeper water (regularly reaching the surface while growing in water 3 to 5 m deep) and can survive under ice (Holm et al. 1997) .
Although growth is best in alkaline waters, Eurasian watermilfoil can tolerate pH levels ranging from 5.4 to 11. Relative to other submersed plants, Eurasian watermilfoil requires high light, has a high photosynthetic rate, and can grow over a broad temperature range.
During the growing season, Eurasian watermilfoil plants undergo autofragmentation, usually after flowering. The abscising fragments often develop adventitious roots at the nodes before separation from the parent plants so they can readily take root when deposited in a new area. Fragments are also produced by wind and wave action and by boating activities, with each fragment having the potential to develop into a new plant. While water currents readily transport fragments, it is thought that recreational boat traffic is one of the most important means of dispersal.
Phragmites (also called Common Reed)
In the late 20th century, phragmites increasingly became a problematic weed throughout the continental United States in both fresh and brackish wetlands. Prior to the early 1900s, the species was described as being uncommon in these areas (Saltonstall 2002 (Saltonstall , 2003a (Saltonstall , 2003b (Saltonstall , 2003c . Today plants form extensive monocultures in marshes, shores, tidal areas, and along streams, lakes, and estuaries. Several hypotheses have been suggested to account for the weed's spread including site disturbance, pollution, changes in hydrologic regimes, and increased soil salinity (Marks et al. 1994) . Alternatively Saltonstall (2002 Saltonstall ( , 2003a Saltonstall ( , 2003b Saltonstall ( , 2003c hypothesized that a non-native strain of phragmites could be responsible for increased aggressiveness and spread of the species. She compared modern populations with historical ones from herbarium collections and found differences in the DNA that aligned modern populations more closely to Eurasian phragmites (haplotype M) than to native North American strains. Particularly disturbing was that native strains were no longer present in many of the sites documented by herbarium samples but had been replaced with the highly competitive and aggressive Eurasian strain. Considering that morphologically the two strains appear similar in appearance, the presence of the introduced phragmites was in all likelihood overlooked while it was steadily replacing native populations.
The rapid spread of phragmites and the virtual absence of native herbivores in expanding populations have also contributed to the hypothesis that a more aggressive genotype has been introduced (Tewksbury et al. 2002) . Literature and limited surveys documented only 26 herbivore species on phragmites in North America (Tewksbury et al. 2002) . These included 16 recent introductions, 5 of unknown status, and only 5 native species. Of interest is that only two of the native species (a skipper and a gall midge) are monophagous on phragmites; the other three have recently expanded their feeding range to include phragmites, indicating the availability of a new host, most likely the haplotype M.
Saltonstall (2003a) determined through DNA sequencing there are 11 noninvasive native North American haplotypes (haplotypes A-H, S, Z, AA) that are unique to North America and are considered to be native. The invasive haplotype M is common across Europe and continental Asia and has become well established and widespread in North America. Today the genetic structure of most North American populations resembles that of Europe (Saltonstall 2002 (Saltonstall , 2003a . The aggressive haplotype M has almost entirely replaced native phragmites types in New England, has expanded both south and west (Blossey et al. 2004) , and has been detected in Louisiana (Saltonstall 2003a (Saltonstall , 2003c . The origin of an additional haplotype along the Gulf of Mexico (haplotype I) is unresolved, but it is genetically distinct from the 11 native haplotypes and shares none of the mutations that link them (Saltonstall 2003a ). Morphologically it is very similar to haplotype M (Saltontall 2002; Swearingen 2006 ). To be definitively confident which specific haplotype occurs in any region requires genetic analysis. Alternative to using DNA sequencing techniques, Restriction Fragment Length Polymorphism (RFLP) analysis can be used to readily distinguish native, non-native, and Gulf Coast haplotypes (Saltonstall 2003c ).
Cylindro
Cylindro is widely dispersed within the continental United States and may already be present in Louisiana because it is relatively common in Texas (Professor Jim Grover, University of Texas, Arlington, personal communication). It is included here as a species of concern because it is listed in SMP 2005 as a potential arrival. Cylindro is from an interesting group of organisms termed cyanobacteria or blue-green algae. It has been reported from a wide range of environmental conditions including hot springs, Antarctic lakes, and extremely salty pools. It is a very small microscopic blue-green alga and may go undetected in a water sample due to its size and its morphological similarity to other blue-green algal species (St. Amand 2002) . The formation of terminal heterocysts (nitrogen-fixing cells) greatly aid in identification. It may also go undetected in a water body because it does not form a surface scum but resides lower in the water column, often imparting at most a brown tint to the water (Jones and Sauter 2005) . Cylindro also does not produce the volatile organic compounds tied to taste and odor problems associated with algal blooms (Chiswell et al. 1997) . During algal blooms it can produce several toxins including: cylindrospermopsin, a toxin that primarily affects the liver but can affect the heart, kidneys, and other organs; saxitoxin, a neurotoxin that can cause poisoning to fish and fish eaters (including man); anatoxin-a, a neuromuscular agent that can result in paralysis, respiratory distress, and convulsions (SMP 2005) , and paralytic shellfish poisons (Jones and Sauter 2005) . Originally thought to be a subtropical species, Cylindros' range has recently been revised because it has been found in several Midwestern states (Jones and Sauter 2005) . Spread is through human activities or natural events and, like other aquatic species, it could ERDC/EL TR-08-21 14 be transported to new areas by boaters, anglers, floods, or any other activity that transports water across distances.
Recommendations
The following activities are recommended and should be carefully considered as part of an initial mud-to-marshes project:
• Pre-project species survey • Seed bank study • Early Warning Rapid Response (EWRR) plans for species of concern • Site monitoring.
Pre-project species survey
Before implementation of a mud-to-marshes project in Louisiana, a species survey is recommended to detect and map any biota that are present on the project site. In particular, if populations of any species of concern to the State of Louisiana (Appendix C) are detected during the surveys, an attempt should be made to eradicate them before project implementation to prevent further spread. For species that are present but cannot be eradicated, a containment plan should be implemented for each infestation. Doing so will dismiss any suggestions that infestations were a result of sediment transport from Illinois. Secondly, a monitoring regime should be developed so that new species arrivals can be documented and a determination can be made as to their potential pathways of introduction. If none can be traced to sediment transport, similar mud-to-marshes projects could be initiated that could benefit both Louisiana and Illinois. If desirable species appear, it also lends weight to the value of such projects in land reclamation. Unfortunately, disturbance opens up new niches for species invasions, and propagules could be deposited by biotic or abiotic sources such as wind, water, or animals. Knowing what might come into a newly reclaimed area following disturbance would provide project implementers invaluable data on how projects might be altered to significantly reduce the arrival of unwanted species. It also could be used in planning revegetation efforts that could allow establishment of desirable species and exclude unwanted invasives.
Seed bank study
An additional greenhouse seed bank study is also recommended. Sediments from the Illinois River and the Louisiana project site should be analyzed to determine seed bank composition. Such studies would support Illinois field evaluations in separating which species, if any, could have arrived from Illinois sediment relocation and which species were already present in Louisiana sediments. Unlike previous studies undertaken in Illinois where sediments were kept moist with fresh water, the protocol would be to also incubate the soils, not only with fresh water to verify Illinois seed bank study results but with water that would be typical of the Louisiana project site, particularly in relation to salinity. Current thought is that most species in the seed bank of Illinois sediments will not tolerate and survive brackish conditions; therefore, transfer via sediments is not a concern in the initial mud-to-marshes project. These studies would help document and verify which species can tolerate changes in salinity and which cannot survive. Those that cannot survive would therefore not be an issue for future projects where brackish conditions exist.
Restoration efforts in the LCA should take into consideration setting up contingency invasive species management plans simply because such efforts could provide corridors for invasive species expansion. Although no new introductions are anticipated from Illinois sediments, invasive species that are already present in Louisiana may be opportunistic of any disturbance associated with the deposition of fresh sediments and quickly colonize open niches.
In general the goals of an invasive species management program are prevention, control, and eradication. Prevention is the practice of keeping nuisance species from being introduced into an uninfested area. Successful implementation involves sanitation practices to prevent spread of propagules and adherence to laws and regulations enacted to meet this objective. Prevention is the most efficient and cost-effective approach to combating invasive species; however, early awareness of potential introductions is the key. Moreover, legislation is only effective if enforced. Control is defined as the suppression or "containment" of a particular species once it becomes established in an area. Control methods do not always prevent invasive species from reproducing; therefore, control measures must often be continued year after year. Eradication is the complete elimination of all invasive species from an area. Eradication usually can be achieved only in the case of new, small infestations. Although prevention and eradication can and should play important roles in most management programs, emphasis is usually placed on control and containment once invasive species are established. Although Louisiana's established aquatic invasive species management plan (SMP 2005) addresses the importance of prevention, control, and eradication, the State Task Force has cited exacerbating circumstances that complicate invasive species problems in Louisiana. These circumstances include lack of communication or cooperation among state agencies, lack of education, knowledge and concern or ignorance of existing laws, lack of laws or enforcement of existing laws, lack of funding, and Louisiana's geography and climate that provide few barriers to the diffusion of species (SMP 2005) .
Several steps are necessary to implement an invasive species management program. The initial step requires a survey for biota of concern at site(s) that will be receiving Illinois sediment. Data collected during the survey can provide the basic information for a beginning database on the biota of concern. Such information is not limited to but often includes species name, location of the population, population size, site description, type of habitat, presence of other plant or animal species, and presence of any threatened or endangered species. A survey also offers an opportunity to document any other biota of concern that had not been considered for listing because they were not known to exist in Illinois and/or Louisiana at the time of this report. Using a national standard such as the National Vegetation Classification System Grossman et al. 1998 ) would ensure accuracy, clarity, and consistency in reporting. By using a standard reporting system at the local level, the data gathered could then be used nationally to produce uniform statistics in vegetation resources from vegetation cover data and to link local level vegetation inventory and map efforts.
Early Warning Rapid Response plan
For each population of concern identified in either the initial survey or subsequent pre-invasion monitoring, an associated site-specific EWRR plan is required. Included in each response plan are control strategies, implementation procedures, post invasion monitoring techniques and frequencies, and criteria for treatment evaluation. While a number of control strategies exist for each species of concern, it is the individual invasion site that will dictate which options can be implemented. If several options are available they should be evaluated in terms of potential effectiveness, advantages, drawbacks, costs, and permits. Integrating control options is highly desirable and can often provide the best long-term management approach with the least environmental impacts. This approach examines all the alternatives with regard to such factors as:
• Eradication is the goal of any EWRR plan and is achievable if infestations are detected when they consist of relatively few individuals. However, some of the biota of concern (see Appendix C) have established populations in the region and containment may be the only option. Once a response plan has been put into effect, post-invasion monitoring continues until eradication has been achieved or remains an ongoing process if containment is the only option. If treatments are not limiting the spread, the response plan will need to be reevaluated and new control procedures implemented.
Site monitoring
Monitoring should remain the core of an EWRR plan. Only through continual monitoring can new infestations be detected and/or project success evaluated. Professional surveys should be conducted on a regular basis to document trends in restoration efforts. If progress is not forthcoming, some reevaluation of project design is probably in order.
Transport option
One additional option that might be considered for the project would be to transport dry rather than wet sediments. Following dredging, sediments could possibly be stockpiled near the river for dewatering and then transferred back to barges for transport to Louisiana. Of major consideration would be the cost and practicality of storing and reloading dry sediment onto barges compared to direct transport of wet sediment. Stockpiling to dry the material might offer an additional advantage in that drying would further reduce the chance of transporting nuisance aquatic species.
Conclusions
The "Mud to Parks Project" in Illinois demonstrated that it is feasible to harvest large amounts of sediment from the Illinois River, transport it by barge to a new location, unload it, and spread it to reclaim land area. Although transportation distances are considerably greater, the same procedures could be used to relocate sediments from Illinois to Louisiana for coastal restoration purposes.
Of concern in such a project is the potential of transporting invasive species from one state to another via the sediment or the transport vehicles (e.g., barges and trucks). Data presented herein indicate that new introductions of species of concern to Louisiana (Appendix C) are highly unlikely as a result of a mud-to-marshes project because they either do not occur in Illinois or they do not presently occur in areas where sediments will most likely be dredged. On the other hand, reintroduction of invasive species of concern already present in Louisiana is a possibility (although not anticipated because they were absent from species lists of previous Illinois sediment studies). Although reintroductions may not be viewed as problematic as new introductions, they may result in infestations at new sites. Introduction of invasive biotypes of Eurasian watermilfoil and phragmites is also not anticipated; however, the appearance of any new infestations of either of these two species should be taken seriously. Samples should be submitted for genetic analysis and, if they are determined to be the more aggressive biotypes, an EWRR plan should immediately be implemented to eradicate them from the project site.
Finally, disturbance associated with marsh reclamation has the potential to open new corridors for invasive species movement and establishment within the state. Therefore, test sites should be monitored on a regular basis to document any changes that occur over time. Such information should prove invaluable for both detecting any unwanted species invasions and to document the positive outcomes of a mud-to-marshes project. 
